electron-lucent acrosomal groove deeply housing the nucleus. When the spermatid juts out into the intercellular space between the nutritive cell and spermatid in an early stage of spermiogenesis, the acrosomal granule is enclosed with the dense acrosomal cap 43-57 nm thick which might originate from the Golgi complex of the nutritive cell. This docking-like phenomenon seems to be similar to the receptor-specific mechanism. On the basis of the results of serial sections, it is concluded that the acrosomal cap of developing spermatids may be a supporting apparatus for the long cone-shaped spermatid, since the cap is connected either with the plasma membrane or with the similar cap of an adjacent spermatid.
In an early stage of spermiogenesis of Orthoptera, a complete, electron-dense, cocoon-shaped proacrosomal granule migrates to the region of the apical portion of nucleus, and then becomes closely associated with the anterior pole of the nucleus which takes a position at the 'periphery of the cell . When two-thirds of the acrosomal granule come to project into the intercellular space between the spermatid and the untritive cell, it is enveloped by the plasma membrane which is denser there than elsewhere. A new moderately dense layer appears to enclose the projected acrosomal granule. This new layer is composed of an amorphous material, less dense than the granule itself. Although this structure was designated an external cap (Cantacuzene, 1968; Szöllösi, 1975) , an extraacrosomal layer (Baccetti et al., 1971 ) and an acrosomal membrane (Yasuzumi, 1974) , it is preferably called the "acrosomal cap", since the acrosome has its own limiting membrane.
Although considerable attention has been paid to the development and function of acrosomal complex of spermatids in several families of Orthoptera (Kaye, 1962 ; Cantacuzene, 1968 ; Baccetti et al., 1971; Yasuzumi et al., 1971; Sz011Osi, 1975) , the morphological and functional relationship between the acrosomal cap and the acrosome proper remains as yet unsettled.
To acquire a keen insight into several problems of induction for spermiogenesis, electron microscopy of serial sections is required.
Receptor-specific proteins (Gold and Balding, 1975) are now being widely and usefully applied to the study of cellsurface topography.
The present author has been actively interested in this field from the standpoint of spermiogenesis in the grasshopper.
The surface of developing spermatids is in contact with other cells or with their environment, and in addition to carrying on metabolic processes necessary for maturation they also exhibit specificity that distinguishes cells from the similar cell types from different individuals.
In a stage when a dense spherical body, termed the proacrosomal granule (Kaye, 1962) , is applied closely to the anterior pole of the spermatid nucleus, an interesting structure corresponding to the acrosomal cap can be seen in the intercellular space between spermatids and nutritive cells. This structure becomes to enclose the acrosomal granule at a constant distance, suggesting the receptor-specific mechanism mentioned above. The origin of this structure is also described and discussed.
A part of this paper has been published in the 35th Annual Meeting of Electron Microscopy Society of America (Boston) (Yasuzumi et al., 1977) and in the 9th International Congress of Electron Microscopy (Toronto) (Yasuzumi and Asai, 1978) .
Materials and Methods
The testis of the grasshopper, Acrida lata Motschulsky, was fixed either with a triple fixation procedure (Sugihara et al., 1966) or with a modified method of Karnovsky fixation (Karnovsky, 1965) (2% paraformaldehyde and 2.5% glutaraldehyde adjusted to pH 7.4 with 0.1 M phosphate buffer for 60 min and 1% osmium tetroxide adjuted to pH 7.4 with 0.1 M Phosphate buffer for 60 min), since the nuclear components are well preserved by the former, while the acrosomal elements by the latter. The fixed specimens were embedded in epoxy Epon resin by routine methods for electron microscopy.
The tissue was sectioned with diamond knives at flat gray reflection color (30 nm in thickness). Serial sections were placed on 100-mesh copper grids. They were stained doubly with uranyl acetate followed by lead citrate. Sections were examined in an electron microscope, model Akashi S-150, Hitachi HU-12A or Japan Electron JEM-100C.
Observations
The longitudinal section through the apex of the premature spermatid shows the acrosomal cap about 43-57 nm in thickness, two acrosomal arms and a subacrosomal rodlet. The acrosomal cap is devoid of a limiting membrane of its own (Fig. 1) . The origin and function of this acrosomal cap are the subjects of the present study.
Although serial sections through the acrosomal complex and nucleus parallel to the long axis of the elongating grasshopper apermatids in late stages of spermiogenesis were obtained in several series, interesting two parts of these series are demonstrated in Figs. 2 and 3. The acrosomal complex clearly consisted of acrosomal cap and dense two arms approximately 5.0 pm in length and 100 nm in width and one subacrosomal rodlet approximately 5.0 pm in length and 220 nm in width. In a series of Figure 2 , the acrosomal cap is separated from the ring-shaped acrosomal cap in a section marked by A, while the cap is continued the adjacent cap in sections marked by B and C. It is interesting that A section shows a dense acrosomal arm running along the right side of nucleus, B section two acrosomal arms along both sides of nucleus and C section a dense acrosomal arm along the left side of nucleus and a part of the subacrosomal rodlet.
In a series of Figure 3 , the acrosomal cap is isolated from any adjacent structures in A and B sections, while it is connected with the plasma membrane of adjacent cell in C section.
In a series of Figure 2 , the subacrosomal rodlet is scarcely visible, but it is clearly demonstrated in a series of Figure 3 .
In an early stage of spermiogenesis a roundish proacrosomal granule (Kaye, 1962) migrates to attach to the anterior pole of nucleus.
It is noticeable that the Golgi complex in the nutritive cell seems to be active in this stage, since it consists of several lamellar paired membranes and small or irregularly shaped vesicles containing dense material (Figs. 4, 5, 6, 8) .
At a subsequent stage in the development of the spermatid, the acrosomal granule increases its size and comes near the peripheral part of cell which is in contact with the intercellular space between the nutritive cell and itself. An interesting structure can be seen in this intercellular space, which is similar to the acrosomal cap in feature and den-. sity. Numerous dense, ill-defined, apparently roudish particles 40-63 nm in diameter appear also in the intercellular space, without marking any aggregates (Fig. 7) .
At the moment when the acrosomal granule juts out into the intercellular space, the portion protruding in the space is covered with the acrosomal cap. At this stage an acrosomal membrane appears enclosing the dense acrosomal substauce.
Furthermore, a moderately dense material comes also its appearance between the plasma membrane and the acrosomal membrane.
Accordingly, the acrosomal substance is delineated in turns with the acrosomal cap, the plasma membrane, the moderately dense layer and directly the acrosomal membrane (Figs. 8, 9, 10, 11, 12) .
It is noticed for the first time that the apical triangular or roundish portion of acrosome in stage 4 of maturation of spermatids (Sz011Osi, 1975) is less dense than the basal portion, showing dense spotted structure in a less dense matrix. (Figs. 10, 12) . In a more advanced stage 5 (Sz011Osi, 1975) , the apical portion of acrosome gives rise to an electron-lucent space (Figs. 2, 3 ).
An interstitial membrane intervening between the nucleus and the acrosomal granule has been observed only in a stage 4 (Sz011Osi, 1975) (Figs. 10, 12 ).
Discussion
On the basis of the original findings presented here, together with information already available from the literature, evidence is provided that Orthoptera spermatozoon is endowed with an acrosomal cap. The origin of the acrosomal cap poses an interesting question. The cap might arise from the Golgi complex in the nutritive cell, since such a cell organelle develops in the nutritive cell, consisting of parallel arranged paired. membranes and associated small or irregularly shaped vesicles containing dense masses. These masses seem to be modified to make an acrosomal cap, escaping from the Golgi complex in the nutritive cell to make its appearance in the intercellular space, and then become associated with the acrosomal granule. This docking-like phenomenon seems to be similar to the receptor-specific mechanism (Gold and Balding, 1975) . Recently, Sz011Osi (1975) has reported that dense paricles appearing in the intercellular space attribute to formation of the acrosomal cap. Several dense particles of different sizes from 40 to 63 nm are surely found scattered in the intercellular space, neither marking any aggregates nor associating with the acrosomal cap. According the dense particles remain unsettled as to their function and nature in the present study.
The electron microscopic observations through serial sections have enabled to interpret morphological relationship between the acrosomal cap and its adjacent structual components, thac has never been observed.
The both ends of acrosomal cap appearing in the intercellular space are free and one of which curls often away surrounding the acrosome in an early stage of spermiogenesis. In later stages of advancement the acrosomal cap seems apparently to be separated from any other cellular components. Serial sections have revealed that it is connected either with the plasma membrane or with the acrosomal cap of an adjacent spermatid. On the basis of these results, it is concluded that the acrosomal cap of developing spermatids in long conical shape may be an apparatus supporting their apex.
The presence of two acrosomal arms in Orthoptera spermatozoa has already been reported by Baccetti et al. (1971) . The present study has revealed that these arms are remarkably long as much as 5.0 pm, running along bilateral sides of the spermatid nucleus. The subacrosomal rodlet is also a size larger than that has already been reported (Cantacuzene, 1968 ; Baccetti et al., 1971; 1975) , showing 5,0 pm in length and 220 nm in width.
An interstitial membrane intervenes between the nucleus and the proacrosomal granule in a stage 4 (Sz011Osi, 1975) , being just like a buffer between two railway-carriages, which has been observed in Acheta domestica (Kaye, 1962) and Locusta migNtoria (Sz011asi, 1975 A: The acrosomal cap is sepaeated from the plasma membrane of an adjacent sprrmatid. B: The acrosomal cap is also separated from the plasma membrane of an adjacent spermatid. The dense subacrosomal rodlet (R) is visible underneath the electron-lucent acrosomal space through the nuclear groove. C: The acrosomal cap is in contact with the plasma membrane of the adjacent plasma membrane of spermatid.
The subacrosomal rodlet (R) can be seen in a similar apperance as the previous one (B). x 16,000. Plate III Fig. 4 . In a young spermatid, the proacrosomal granule appears attached to the nuclear envelope.
The Golgi complex (GC) can be seen in the nutritive cell. x 14,000. Fig. 5 . An enlarged micrograph of the Golgi complex in Figure 4 . It consists of lamellar paired membranes and small vesicles containing dense masses. x 33,000. Fig. 6 . The Golgi complex appearing in the nutritive cell, consisting of irregularly shaped or small roundish vesicles containing dense masses. x 43,000.
Plate IV Fig. 7 . When the proacrosomal granule appears attached to the nuclear envelope in a young spermatid, an interesting structure like an acrosomal cap (C) can be seen in an intercellular space between the nutritive cell (NC) and the spermatid (SP). Several dense particles appear in the intercellular space, without formation of any aggregates. x 67,000. Fig. 8 . The acrosomal granule develops to jut out into the intercellular space between the nutritive cell and the spermatid.
In such a stage, the dense acrosomal cap appears surrounding the part projected into the intercellular space. The dense membrane surrounding the acrosome is clearly visible in this stage. The well developed Golgi complex is visible in the nutritive cell. The plasma membrane of nutritive cell disappears in a portion (arrow) opposite to the acrosomal cap. x 46,000. Plate V Fig. 9 . The irregularly shaped intercellular space (IS) contains dense particles and amorphous material, without containing any cell orgnelles.
The acrosome develops towards such a space, being surrounded by the acrosomal cap. x 17,000. Fig. 10 . An enlarged electron micrograph of the acrosomal granule in Figure 9 . The apical portion of the dense conical shaped acrosomal granule, which is clearly delineated by the dense acrosomal membrane and is less dense than distal half, is enclosed with three components : acrosomal cap, plasma membrane and amorphous material which is less dense than the acrosomal granule.
The interstitial membrane (arrow) is interposed between the granule and the nucleus.
x 53,000.
Plate VI Fig. 11 . Oblique-cross section through the apical portion of acrosomal granule projecting the intercellular space where dense particles are found scattered.
One end of the acrosomal cap curles away from the acrosomal granule.
The dense acrosomal substance is surrounded by the acrosomal cap, plasma membrane, substance similar to the acrosomal cap in opacity, and acrosomal membrane.
x 48,000. Fig. 12 . The apical two thirds of acrosomal granule are covered with the acrosomal cap. The moderately dense substance is interposed between the plasma membrane and the acrosomal granule.
The apical portion of the granule is less dense than the rest, which depicts a dense dotted structure in the less dense matrix.
Dense particles are found in the intercellular space.
The arrow indicates the interstitial membrane between the acrosomal granule and the nucleus.
x 60,000.
